Hemangioblastoma is a benign and highly vascular tumor. Complete surgical resection of highly vascular tumor such as hemangioblastoma may be challenging due to excessive bleeding. Preoperative embolization of these lesions may decrease the intraoperative blood loss and facilitate excision. We report three cases of cerebellar hemangioblastomas that were embolized using Onyx.
Key Words : Hemangioblastoma; Endovascular procedure; Embolization/therapy; Onyx which showed characteristically large and vacuolated appearance, and abundant vascular cells, such as endothelial cells and pericytes. Nidus vessels were occluded with thrombus and black colored embolic material, Onyx (Fig. 1E) . After surgical resection, the patient presented gradual regression of the headache.
Case 2
A 53-year-old man presented with a 15 day history of progressive vertigo and occipital headache. Brain MRI revealed a 3.2 × 2.2 cm cystic tumor with a 1.0 × 0.5 cm sized densely enhancing mural nodule in the right cerebellum ( Fig. 2A) . A diagnostic vertebral angiogram revealed early intense tumor staining in the right cerebellum from the right superior cerebellar artery with AV shunt showing a highly vascular lesion (Fig.  2B ). The patient underwent Onyx embolization of core feeder vessel originated off the right superior cerebellar artery and tumor blush was complete resolved (Fig.  2C ). Near total resection of the tumor was performed with minimal blood loss. Post operative MRI revealed volume reduction over 90% of enhancing mural nodule with nearly total regression of the cystic portion. The tumor was pathologically confirmed as hemangioblastoma. After surgical resection, vertigo and occipital headache were gradually resolved.
Case 3
An 18-year-old man presented with a month history of progressive headache. Brain MRI revealed a 5. 
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ventricle (Fig. 3A) . A diagnostic vertebral angiogram revealed early intense tumor staining in the right cerebellum from the right superior cerebellar artery with AV shunt showing a highly vascular lesion (Fig.  3B) . The patient underwent embolization of a pedicle off the hemispheric branch of the right superior cerebellar artery using Onyx, resulting in near complete resolution of the tumor blush (Fig. 3C) . Near total resection of the tumor was performed with minimal blood loss. Post embolization non-enhanced CT revealed radiopaque embolic agent, Onyx in the mural nodule. Post operative MRI revealed volume reduction over 90% of enhancing mural nodule with nearly total regression of the cystic portion. The tumor was pathologically confirmed as hemangioblastoma. After surgical resection, the patient presented gradual regression of the headache.
DISCUSSION
Preoperative embolization of cranial hemangioblastomas is used with the purpose of facilitating surgical resection of these lesions. Several embolic agents have been used for decreasing the arterial supply to the lesion with adequate capillary bed penetration. Embolic materials are divided into three categories: mechanical devices, particles, and liquid agents. Mechanical devices, such as balloons or coils, are able to occlude large feeders but they lack the ability to penetrate the tumor bed. Particles, such as polyvinyl alcohol, Embospheres (Guerbet Biomedical, Louvres, France), and Gelfoam (Upjohn Co., Kalamazoo, MI, USA), 
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have also been used. Despite smaller particles have the advantage of better tumor bed penetration, their use also carries a higher risk of inadvertent non-target embolization [3] . Takeuchi et al [4] . reported their series of hemangioblastomas treated with preoperative embolization using primarily particles and concluded that presurgical embolization is useful to reduce operative complications when 80% or more of tumor could be embolized. Three patients had temporary neurological complications as a result of the embolization. Eskridge et al [5] . reported that one patient experienced worsening of hydrocephalus after embolization, requiring emergency craniotomy and surgical resection. Cornelius et al [6] . reported different clinical outcome of preoperative particulate embolization between spinal and cerebellar hemangioblastomas. Although the outcome of embolization in spinal hemangioblastoma was favorable, that of all cerebellar hemangioblastomas (three patients) was not; acute tumor bleeding and death. This result was probably due to smaller capillary size of cerebellar hemangioblastoma causing venous congestion and subsequent rupture. Liquid embolic agents (N-butyl cyanoacrylate (NBCA) and Onyx) have the best combination of durability and penetration, being able to devascularize the tumor reaching its core. The major disadvantage associated with NBCA embolization is that the glue polymerizes very rapidly when it contacts an ionic solution such as blood. It increases the risk of gluing the microcatheter in place. Onyx is a non-adhesive liquid embolic agent (ethylene-vinyl alcohol) dissolved in an organic solvent, dimethyl sulfoxide. With Onyx, fewer arterial feeders require catheterization because of the diffusion properties of the agent. It allows deep penetration of the tumor capillary bed, which often results in artery-to-artery embolization of tumor feeders [7] . Another major advantage of this agent in tumor embolization was that reflux along the infusion catheter could be tolerated without requiring removal of the catheter. Unlike NBCA, Onyx can be injected much more slowly, on the order of minutes. The injection can even be discontinuous, thereby allowing angiographic assessment of the embolization and improving the control of embolic delivery. Another advantage of Onyx is its excellent surgical handling properties. Because the tantalum is black, in the operating room, the embolized vessels are easy to see. Onyx includes its radiopacity, durability, and availability in commercial formulations and the relatively modest inflammatory reaction that it generates.
Onyx embolization also has some disadvantages. Injection over long distances (>2cm) in small diameter or low-flow vessels is difficult and it can migrate into the veins [8] . Another consideration with the use of Onyx includes prolonged fluoroscopic times. We noted several cases in which a single session of Onyx embolization approached 1 hour in duration [3] .
Given the advantageous features of Onyx, the need for fewer arterial catheterization, excellent tumor penetration, and low complication profile, we believe that its use may actually be effective and safe compared with other agents [1] [2] [3] .
As shown in these three cases, Onyx could be useful for preoperative obliteration of highly vascular tumor, such as hemangioblastoma. If devascularization of hypervascular tumor was achieved, tumor resection is significantly simplified and hemorrhagic complication can be minimal. As Onyx is favorable to achieve deep penetration into the core feeding artery, it may be better embolic agent than others for successful preoperative embolization of hypervascular tumor.
